ABSTRACT: In vitro fermentation profiles of palm kernel meal-based diet
Introduction
The plant cell wall constitutes predominantly of dietary fibers together with non-starch polysaccharides (NSPs) and non-carbohydrate components [1] . Simple stomach animal such as poultry contain low level of digestive enzymic activities that are capable of hydrolyzing NSPs component. Therefore, the digestion of these substances is commonly achieved by chemical digestion in crop, physical digestion in the gizzard and mostly through the microbial degradation by bacteria in the caecum [2] . Undigested carbohydrates such as NSPs are fermented in the caeca of poultry into volatile fatty acids (VFAs) and gases [3] . There are few factors affecting the fermentation of dietary fibers including the type and amount of dietary fibers, age of the birds, the caeca development [4] and feed additives [5] . The possible fermentability of feed substrate as well as the effect of feed additives such as enzymes [6] and antibiotics [7] within the target animal can be tested through the in vitro fermentation before added to the diet [8] ; [9] . The measurement of gas production has been an important means in the assessment of feed digestibility by microorganisms [10] . The production of gas is considers as end product of microbial fermentation of carbohydrates and it can be determined through a simple and reproducible in vitro technique that determines the potential effect of diet, antimicrobial compounds, feed additives or supplements such as exogenous enzymes on gut microflora [9] . In vitro fermentation technique is a cheaper and faster mean for the purpose of feed evaluation compared to in vivo methods. The in vitro fermentation technique provides a relationship between degradation of feed and fermentative gas production that evaluates the nutritional parameters of feedstuffs. It can be run in a large batch of samples simultaneously at low cost. It also has the ability to measure fermentation kinetics of soluble as well insoluble fraction of food, and the ability to easily make relative comparison among different feedstuffs [11] . The degree of fermentation is usually measured in term of NSPs degradation, VFAs or gas production, or dry matter/organic matter disappearances [11] . For the past 10 years, in vitro study on various classes of monogastric animal including poultry such as broilers [12] ; [13] , laying hens [14] , pigs [15] and equine [16] using either caecal or faecal inocula has become gradually more popular. The effect of the anti-nutritive properties of NSPs on poultry performance and digestibility [17] and intestinal morphology [18] are well documented; however the fermentation characteristics of these components by caecal microorganism [8] are rather limited. Therefore, the present study was conducted to determine the fermentation characteristics of PKM-based diet supplemented with or without xylanase or cellulase using in vitro gas production technique.
II.
Materials and Methods
2.1.
Semi-defined medium preparation 2.1.1 Media The basal medium was prepared and modified according to [19] . The medium was prepared by mixing 38 ml basal solution, 0.5 ml vitamin/phosphate buffer solution, 2 ml of bicarbonate buffer, and 1 ml of reducing agent. A stream of CO 2 flowed in the solution.
Broiler chickens caecal preparation
A group of six week old male Cobb 500 broiler chickens, which had received commercial broiler diet, were obtained from the Poultry Unit at the Department of Animal Science, Universiti Putra Malaysia (UPM). Ten chickens were humanely slaughtered. The caecal digesta were aseptically removed from broilers caeca into a pre-warmed flask flushed with CO 2 . The caecal digesta collected were immediately transferred to laboratory for the inoculum preparation. The caecal material was weighed and amount of pre-warmed (39 o C), anaerobic, sterile saline (9 g/ l NaCl) was added in a ratio of 1:5. The diluted material was homogenized and strained through double layer of cheesecloth with continually flushed with CO 2 . The inoculum was added 2.5 ml for each glass syringe.
Method of incubation
The fermentation procedure was carried by the method proposed by [20] with a modification. Approximately 0.25 g of PKM-based feed sample with or without xylanase and cellulase was put in the glass syringe, followed by basal media together with inoculum. The dry matter (DM) and ash were also measured for all substrates. The fermentation was carried out for 72 h. Following fermentation supernatants were removed from residual substrate by vacuum filtration through pre-weighed sintered glass filter crucibles and rinsed with hot distilled water, and dried at 105 o C for 24 h. Once the weight recorded, crucibles were placed in a muffle furnace at 550 o C for ash determination.
VFA and ammonia analysis
After 72 h incubation, pH was measured and samples for VFAs and ammonia analysis taken from every glass syringe. Samples for VFAs analysis (10 ml) were added to falcon tube containing 0.5 ml phosphoric acid (85%) and frozen at -20 O C until analysis. Additional bottles samples (5 ml) were added to falcon tube containing 5 ml of 10% trichloroacetic acid and were frozen until analysis for ammonia.
VFAs quantification
The VFAs were measured following the procedure outlined by [21] . Approximately, 1.5 g of thawed digesta was diluted with distilled water (1:1 wt/vol) in a screw-capped tube. After homogenization and centrifugation, 1ml of clear supernatant was transferred into ampula, and 0.2ml metaphosphoric acid solution will be then added. The sample again was homogenize and was placed in ice bath for at least 30 min to allow the protein settle completely. Finally, samples were centrifuged (10 min at 10,844 x g), and the supernatant was analyzed with gas chromatography (Agilent 69890N Series Gas Chromatography System from Agilent Technologies, USA) equipped with a flame ionization detector.
Ammonia quantification
The ammonia analysis was measured following the procedure outlined by [22] with a slight modification. Approximately, 5 ml of sample, and 0.2 ml phenol solution was added and swirled. In sequence 0.2 ml of Nitroprusside and 0.5 ml of oxidizing agent were added, swirled and allowed to stand for 1 h. The ammonia was determined using spectrophotometer at absorbance 640nm. The regression equation form blank and standard was determined to estimate ammonia nitrogen in sample.
Statistical analysis
Ammonia, VFAs production, the rate of gas production and IVDMD were subjected to General Linear Model (GLM) procedures of SAS ® 9.0 (SAS Institute) according to the following general model: Ƴ ij = µ + α i +δ ij Where Ƴ ij is the observed dependent variable; µ is the overall mean; α i is the effect of enzyme; and δ ij is the random error.
III. Result

Effect of in vitro fermentation on pH, ammonia, VFAs and gas production
The effect of in vitro fermentation on pH, ammonia (NH 3 ) and VFAs production of different feed was shown in Table 1 .
VFA and ammonia production
The in vitro fermentation of the present study found that acetate production from the fermentation of PKM-based diet for starter diet was significantly higher (P<0.01) compared to the others. Numerically, the propionate and butyrate production from the fermentation of starter feed ration supplemented with xylanase (T2) were recorded to be the highest. However, no iso-butyrate was detected from the fermentation of all feed ration incubated for 72 h. The ammonia production of in vitro fermentation for all feed ration was also not significantly different (P>0.05). 
Gas production profiles
The gas production profiles for six different feed rations incubated for 72 h are presented in Fig. 1 . The gas production of the six feed rations was observed to be similar in trend. The total gas production (ml) was highest in the finisher PKM-based diet supplemented with cellulase and lowest in starter PKM-based diet without any enzyme addition. Figure 1: Gas production profiles from fermentation of the PKM-based diet for starter and finisher supplemented or non-supplemented with xylanase or cellulase means ± SE of four replicate for each feed sample.
Substrate ammonia ppm
VFAs mMol/ml) Table 2 shows the gas production kinetic parameters and in vitro dry matter degradability (IVMD) after 72 h of incubation of PKM-based diet for starter and finisher supplemented with or without xylanase and cellulase supplementation. The rate of gas production ( Table 2 ) was found to be not significantly different (P>0.05) between enzyme supplemented and unsupplemented PKM ration for both starter and finisher. However, the rate of gas production of xylanase and cellulase supplemented for starter PKM ration was higher compared to non-supplemented group and vice versa for finisher PKM ration. The gas production from soluble and insoluble fraction of feed substrate noted by "a' and "b' respectively was also not significantly different (P>0.05) between all feed ration. The gas production from insoluble fraction (b) of feed substrate for all feed ration were higher compared to the soluble fraction (a) of feed substrate. Supplementation of xylanase and cellulase in PKM-based diet improved the gas production from the soluble fraction of the feed compared to control. However this result is not similar in finisher feed ration supplemented with xylanase. The IVMD of all groups of the feed ration were highly significant different (P<0.05). Xylanase and cellulase supplementation increase the IVMD of PKM-based diet, in which more prominent result obtained by xylanase supplementation. 
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Fermentation kinetics
IV. Discussion
In vitro, pH, ammonia and VFAs production
Some dietary fiber such as NSPs component are not hydrolyzed in the upper part of intestinal tract of broiler chickens but are fermented in caeca by anaerobic microflora, which produced VFAs that provide energy to the host animal and inhibit the growth of pathogenic bacteria [4] . VFAs such as acetate, propionate and butyrate have nutritional value to animal because they provide energy for hen, and [23] estimated that 30 to 40% of the maintenance energy for monogastric is derived from the microbial fermentation. The supplementation of diets with exogenous enzyme such as carbohydrases [24] ; [25] might influence VFAs concentration by releasing nutrient entrapped in the plant cell walls polysaccharides accessible for hindgut fermentation [5] . In vitro study conducted by [26] and [27] demonstrated that acetate production was highest followed by propionate and butyrate whereas iso-butyrate and iso-valerate production were detected in very minimal amount. Generally, in ruminants, rapidly fermentable substrates have a relatively higher propionate production, whereas more slowly fermentable and cellulose rich substrates have acetic acid directed fermentation [13] . This statement was in agreement with the present findings, where the highest amount of acetate was observed in the enzyme nonsupplemented group due to high cellulosic content in the PKM-based diet. On the other hands, the propionate and butyrate production was found to be higher in the fermentation of PKM-based diet supplemented with xylanase compared to other feed rations. Xylanase supplemented PKM-based diet may influence the degradation of NSPs particularly xylan to simpler form, xylose sugar which can be rapidly fermented by caecal microbial [7] ; [28] . The iso-valerate was produced in a trace amount in xylanase and cellulase supplemented groups, whereas no iso-butyrate and valerate production was found in all feed ration. The finding of the present study was in agreement with a data recorded by [29] and [27] where the fermentation of high fiber diets incubated with caecal inocula from broiler chickens and equine recorded with higher acetate level followed by Rate of gas production c 
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propionate and butyrate whereas iso-butyrate and iso-valerate production were recorded in trace amount. Overall, the results is actually difficult to explained because the VFA s produced through the caecal fermentation can be quite variable and it also may be influenced by non-carbohydrate compounds such as protein [1], lignin, and fatty acids, [11] . Beside the degradation of high fiber feed, caeca also play an important role in the hydrolyzation of nitrogenous compounds such as protein, amino acids to generate ammonia, amines, phenol and branched chain fatty acids [30] . However, the present study observed that ammonia production was not significantly different either PKM was incubated together with xylanase or cellulase.
4.2.
In vitro gas production profile, fermentation kinetics and IVDMD Fermentation model differed in cultures with different feed substrates [3] and, there is a close association between microbial fermentation and gas production [31] . The measurement of gas production has been an important means in the determination of feed digestibility by microorganisms [10] , as well as the effect of feed additives such as enzymes [6] . The gas was produced from the fermentation of carbohydrates to vfa particularly, acetate and butyrate [32] and is therefore highly associated with apparent digestibility of feeds in vivo [33] . The gas production pattern of PKM-based diets in enzyme supplemented or non-supplemented group tested in the in vitro fermentation study was found to be similar in trend. The gas was rapidly produced in the early stage of incubation until it reaches a state where the gas production starts to slow and reach plateau. The high amount of gas produced in the early stage was due to the availability of the feed substrate that was used by microorganism to multiply and grow. After the rate of fermentation has reached maximum level, the gas production gradually decreased until it stops. This is due to depletion of feed substrate or insoluble components associated with chemical or structural barrier such as crystallinity of cellulose and the toxic action of cell wall phenolics can impose the digestion [34] ; [35] ; [36] . In the present study, higher cumulative gas was produced from the fermentation of finisher PKM-based diet in enzyme non-supplemented group. This is due to the higher amounts of insoluble fractional substrate (noted as b in Table 6 ) available to be further fermented. Non-soluble feed substrates will be more slowly fermented and are likely to be fermented later part of the intestinal tract such as in caeca [37] . Feed substrates are partially solubilized upon incubation, and the soluble components are fermented rapidly until a gradual shift occurs towards the fermentation of the insoluble substrates. This process requires the substrate to be hydrated and colonized by microorganism before they can be fermented [38] ; [36] . The fermentation kinetics of feed substrates may also provide an understanding of where the product is likely to be fermented and this information can be further used to formulate diets that encourage fermentation in specific areas of intestinal tract of broiler chickens [37] . Numerically, the rate of gas production in the present study was found to be higher from the fermentation of starter PKM-based diet supplemented with xylanase and cellulase compared to non-supplemented group. Addition of xylanase and cellulase enzyme in PKM-based diet improved the availability of soluble fractional substrates for the fermentation, compared to insoluble fractional substrates. Inclusion of xylanase and cellulase also improved the IVDMD of PKM-based diet in broiler chicken"s caeca.
[39] reported that NSPs enzymes enhanced the nutrient delivery to the host by providing fermentable oligosaccharides from NSPs to the caecal microbiota which improved the digestibility of feeds and finally affecting the fermentation profiles in the broiler chickens caeca.
V. Conclusion
The gas production rate of PKM-based feed supplemented with xylanase and cellulase enzyme was found not much different from the non-supplemented group. The butyrate production of PKM-based diet in enzyme supplemented group was recorded higher than the other group. The butyrate produced can be utilized directly by caecal epithelium, which derives approximately 60-70% of its energy from products of bacterial fermentation. Both xylanase and cellulase supplementation in PKM-based diet improved IVDMD. Enzyme supplementation enhanced the nutrient delivery to the host by providing fermentable oligosaccharides from NSPs to the caecal microbiota which improved the digestibility of feeds and finally affecting the fermentation profiles in the broiler chickens caeca [39] .
